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STATIC, DROP, AND FLIGHT TESTS ON MUSSEL!MA.N TYPE AHWEEELS

By ‘WILLIAM C. PECK AND ALEEET P. BEARD .-

Thie inresiigation

SUMMARY

UV8 conducted at the hndw
Memorial Ae?&ati”cal .Laboraiory of the National Ad-
oieo~ Committeefor Aeronautic dum”ngthe period from
January to July, 19W, for the. purpose of obtaining
quantitative information on the. 8hock-reducing and
aw-gydi8~”pating qualities of a set of 30 by 1$6 Mus-
selman type airwheels. The instigation coneisted oj
static, drop, and$ight tests. The etatic test8 were made
with in$ation pressures of approximately O,6, 10, 16, fiO,
and g6 pounds per square inch and loadings up to 9,600
pounds. The drop tesie were made with in flaiion pres-
sures of approximately 6, 10116, AM,and S?6pounds per
square inch and kading8 of l&O, 2M, 3,060, and
3,686 pounds. The flight tests were made with a
YE-7 airplane weighing 2,163 pounds, with the tire-e
in$ated to 6, 10, and 16 pounde per quare inch. Tle
.kmding gears w?edin conjunction un”ththe airwhee18were
practically rigid etructure8.

me re.wdtsof the test8showed that the walls of the tires
iwried a considerableport..on of the load, each tire sup-
porting a load of 600 pounds with a depression of approxi-
mately 6 inches. ”

me shock-reducing qualities, under serere test8, and
the energy-dissipating characteristic-eof the tires, under
all tests, were poor. The latter was erndenced by the
rebound present in all landings made. In the aecere
drop tests, thefree rebound reuchedas much as 60 per cent
of thefr~ drop.

l%e results indicate that a 8hoc&reducing and energy-
di8tipating mech.antim should be used in oon.junctiom
with airwhee[8.

INTRODUCTION

Recently a new type of wheel known as an “air-
wheeI” has been deveIoped for use on aiqdane Ianding
gears. H consists of a Iow-pressure pneumatic tim of
Iarge sectional diameter mounted on a specially con-
structed hub. It has, in some cases, been used to
replace the entire shock-absorbing and damping
mechanism usuaHy empIoyed in Ianding gears.

The results of an investigation conducted at ‘Wright,
Field on one of these wheels are given in Reference 1.
The investigation reported herein was undertaken at
the Langley MemoriaI Aeronautical Laboratory of the

NationaI Advisory Committee for Aeronautics at ._
LsngIey Field, Vs., to ftih further information on
the action of these wheels under a vtiety of conditions.
The investigation was made during the period from
January to ihdy, 1930, and consisted of a series of .
static, drop, and flight tests on a set of 30 by 13-6
MusseImen Q-pe ah-wheels.

The static teak were made to determine the de-
pression of the tires (deorease in roILingradius) under
-rarious Ioads with diflerent inflation pressures. The
drop tests were “made
to obtain information
on the depression of
the tires, the degree of
rebound, and the maxi-
mum accelerations set
up during the impacts
in a series of free drops
under various tire in-
flation pressures and
Io ading conditions.
The flight testa were
made to determine the
shook-reducing and en-
ergy-dissipating quali-
ties of the wheels in
actiud hmdings under
various tire inflation
presm.res.

APPARATUS

Equip ment.—The
airwheeIs used in this
investigation were the
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30 by ‘13-0, S-ply, smooth-head, Mussehnan type.
(Fig. 1.) The sectional and rolling diameters shown
are nominal, as they change slightly with a change in
the inflation pressw.

For the static and drop t=ts, the ah-wheels viere
mounted on a moditled NY–2 (consolidated training
airphne) oleo Iemling~ear chassis (fig. 2), which in
turn was mounted on the dynamic test rig (referenoe
2). A VE-7 (Vought) airphme weighing 2,153 pounds
(with a mcditled landing gear) visa used for the flight
tests.
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The modihation of the NY-2 landing-gear chassis
consisted of replacing the rubber disks with a steel
sleeve and bIocking the oleo cylinder against this
sleeve so that, with the exception of the flexure of the
structural members of the landing gear, it was a rigid
structure. (Fig. 3.) The normalIy mowing parts of
the YE-7 landing-gear chassis were b bIocked so
that for all practicil purposes the only portions of the
gear acting to reduce or absorb any of the @pact loads
were the ahwheels. @&s. 4 and 5.) (These pictures,
showing the sirwheeLsmounted on the YE-7 airplane,
were taken after the landing gear had failed during a

The pressure recorder (fig. 3) was used d~-ng the .—
statio-and drop teats @ record the pr=sure in the right
tire. This instrument was m air-speed recorder (ref-
erence 3) modified by replacing the usual manometer -—
unit with one having a recording range from O to 50 -
pounds per quare inch.

b the static and drop tests the control-position
.—

recorder (reference 4) was used in conjunction with a
suitable reduction linkage to record the vertical dis- ___
pIacement of the center of load, the depressions of the
tires, and the flexure of the axies. In the flight tests,
it was used in conjunction with a “follower arm” to —

Fmuiw 8.—Ahwhee1onmcnlifledNY-2 Iandfaggearchasshshowingtb+msmm recorder

flighttest. Normally the axles of the gear and the
spreader bar were in the same straight line.)

The sectionaI diameter of the wheeIs necessitated
a greater overhang of the asks than that for which the
Ianding gears were designed, causing ariincreased bend-
ing moment in the axles for a given Ioad. In thwe
tests the NY-2 axIes were not reinforced, with the
exception of the use of adapters, while the VIZ-7 axles
were reinforced throughout their Iength.

hstruments.-The instruments employed in this in-
vestigation consisted of a pressure recorder, a control-
position recorder, an air-speed recorder, an anemom-
eter, a spring-driven motion-picture camera, a record-
ing accelerometer, and two timers.

record the approximate depression of the tires and the .-
vertical displacement of the airplane while close to the
ground. This follower arm was so constructed that
the ahoe at its lower extremity wztended 16.7 inches
below the Iine connecting the Iower points of the tires,
thereby allowing the shoe to make contact with the
ground before the wheeLs. The shoe was held in con- .
tact with the ground by the use of heavy rubber
cord.

One of the units of the controI-position recorder was
attached to the follower arm at such a point that move-
ment of the arm throughout its complete range would .—
cause a full-scale deflection of the instrument’s rec-ord- —
ing mechanism.
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The air-speed recorder (reference 3) was used in
conjunction with an N. A. C. A. swiveling Pitot-static
head to record the air speed of the airplane during the
flight tests.

The anemometer employed was a vane-type instru-
ment. It was used to determine the average wind
velocity over a short period of time (usually 1 minute)
immediately preceding and following each of the flight
tests.

The motion-picture camera was used in the first
portion of the flight tests in an effort to check the
measurements made by the control-position recorder.
Its use was found to be unsatisfactory, due to the
impossibility of determining with a sufficient degree

60-cycle, 110-volt source. The output side was con-
nected in series with the variable resistances and tho
timing lights. The variable resistances were so ad-
justed that the filaments of the lights would vary from
a dull red to fuU briUiancy with the puIsation of the
current from the rectihr. The dull red did not rcgistor
on the film record, while the flament at-fuH brilliancy
caused dots to be recorded at intervals of one-sixtieth
second. The use of this instrument was butrpartially
satisfactory, as a source of constant voltage and fre-
quency,”which is necessary for its successful operation,
was not available.

The timer used during the lattgr portion of the fhght
tests indicated time intervals of one-fifth second. It

FmcEE4.–AIrwheelsmounhdontio VE-7 (Vowht) afmkm

of accuracy the height of the airplane above the
ground.

The accelerometer (reference 5) was a single comp-
onent type and was employed in both the drop and
flight test-s to record the vertical accelerations gener-
ated during the impacts. This instrumentwas adjusted
to have a range from Oto 8 g.

Two different types of timers were used during the
investigation. One type was employed during the
first portion of the drop teats and the second type
during the latter portion of the flight tests. These
im$ruments were used to synchronize the records
obtained (reference 6) and also to obtain a history
(if so desired) of the various measurementsrecorded.

The timer employed during the drop tests operated
upon the principle of using the frequency of an alter-
nating current to obtain uniform time intervals. It
consisted of a half-wave rectiiier connected to variable
resistances and the timing lights of the instrument.
The input side of the rectiiier was connected to a

consisted of a commutator circuit breaker driven by a
constant%peed motor.

Installation,-For the static and drop tests the air ~
wheeIs were mounted on the NY-2 la~ding gear
chassis, as shown in Figure 2. The center of the load
box (with the tires merely touching the landing plat-
forms) was vertically over the center line of the axles.
With the test rig in thisposition, the longitudinal axis
of the.frame ?; ’aspractically horizonM.

The control-position recorder was mounted on the
load platform adjacent to the load box. Ono unit of
it was connected to the mechanical reduction linkage
and a second unit to the center of the hub cap of the
right yheel.

The pressure recorder was mounted on a platform
suspended from the W&S and connected by means of
a short copper tube to the vah’e of the right tire.
(Fig. 3.) The tube and recording capsule were, at tho
outset of the tests, filled with a 60-50 solution of
alcohol and glycerin. It was found later that more
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satisfactory results were obtained by dispensing with
the use of the liquid.

The accelerometer was mounted alongside the Ioad
box on the load platform with its indicating mechanism
in the same vertical phine as the center of the load and
the center line of the ties..

The timer was mounted in a convenient position near
the teat rig and connected with the necessary Ieada to
the instruments.

In the flight tests the airwheelawere mounted on the
W&7 Ianding-gear chassis m close to the positions
occupied oby the regular wheels u their sectional

pIaced in a compartment aft of the piIot’s cockpit.
The swiveling I?itot-stat.ic head was mounted on the
right outer interpIane strut approximately one-third
of the strut Iength below the upper wing.

The anemometer used to obtain the wind velocity
-.

was mounted on a vane about 6 feet above the ground
on that portion of the field whereon the flight tests .—
were being conduct+

PROCEDURE

Static tests.-Static tests were made with tire-
infIation preswres of approximately O, 5, 10, 15, 20,

FIQCM S.—’’FaUowerarm” onIandhg gearcheds

diameter would permit. NormalIy, the center lines
of the wheels were 4X inches from the center lines of
the side struts, -whilewith the airwheela this distance
was imweased to 9 inches. The controI-position re-
corder wasmounted on the spreader bar of the Ianding-
gear chsssis. The foIlovrer mm was secured to the
landing gear so that its shoe made contact with the
ground in line with the points of contact of the wheeIs.
The accelerometer w-asmounted in the airplane as close
as practicable to the center of gravity. The air-speed
recorder, timer, and neceeswy storage batteries were

and 25 pounds per square inch. Tilth each pressure
the Ioad on the test rig was applied in increments of
approximately 800 pounda from no load to a load
which depressed the tires nermly their masimum .—
amount or until a load of 9,600 pounds had been
reached. Mter each increase of load, the depression

..—
—--.

of the tires was measured and the press~e in them
recorded.

Drop tests.—The drop tests consisted of a series of
free drops with”the tires inflated to each of the above
pressures (mith the exception of the zero pressure)
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and with loadings of 1,840, 2,440, 3,050, and 3,586
pounds. Each seriee was made up of free drops
starting at 1 inch and increasing in increments of 3
inches for the light loading conditions and in incre-
ments of 2 inches for the heavier loadings. The
height of free drop was carried tQa point-at which the
tires were depremed nearly their maximum allowable
amount, or until the maximum force developed ap-
proached that for which the landing gear was designed.
It was intended to discontinue the tests prior to actual
faiiure of the landing gear, but on two occasions
failure by bending of the axIes resulted,

During each of the tests instrument records were
taken of the total vertical movement of the center of
the load, the rebound of this load, the flexure of the
axle, the accelerations developed, and the pressures
in the right tire.

Flight tests,—The flight tests consisted of landings
and ground runs made with tire-inflation pressures of
5, 10, and 15 pounds per square inch. The tests con-
sisted of normaI, 2-pointj pancake or ‘~stalled”” land-
ings, and take-off and taxi runs. The normal and
2-point landings were made as nearly perfect as pos-
sible by experienced test pilots. The pancake land-
ings were made as severely as deemed safe by these
pilote. The taxi runs were made at a ground speed of
approximately 15 m.p ,h. In the Mm-c&runs the
airplane was “flown off” the ground rather than
“pul[ed off .“ The portion of the landing field used
in making these teats was representative of an average
grass-covered landing field.

~ontinuous records of the accelerations experi-
enced, the approximate depressions of the tires, and
the rebounds were obtained; and the average wind
velocity was measured for each of the ilight tests.
During some of these tests s-uflicientinformation was
obtained from the recorded displacement obtained
with the follower arm to determine the vertical
velocity of the airplane at the instant of contact with
the ground. Thk information was used in conjunc-
tion with the noted attitude of the airplane at contact
to clasaify the type of landing made.

PRECISION

Statio tests ,—During the static tests the Ioada
were noted to the nearest 10 pounds, the depremions
were measured to the closest 0.01 inch, and the pres-
sure records were read to 0.1 pound per square inch.
A “dead-weight” calibration of the pressure recorder
made subsequent to this portion of the investigation
~hecked that made prior to it. Since the physical
measurements were made with due care, the accuracy
of the resuhe of the statii tests are therefore believed
to be within the above Jimits.

Drop tests.—lt is dillicult to estimata the accuracy
of the results obtained in the drop tests, but if it h
assumed that the compression of the air in the tires

during the static tests was isothermal and during the
drop tests ad.kbatic, and that the change in volume in
the tires for a given depression and inflation pressure
was the same for the drop tests as for the static tests,
an estimata can be made. By the use of these as-
sumptions and the pressures recorded in the static
tests, the maximum pressure in the drop tests can bo
computed. Several such computations were made and
cheded against the recorded drop-test prmm.rcs,
The comparison indicated that the recorded pressures
were dightly high. They were, however, within 5 per
cent-f the computed vahme.

The load displacement and accekration histmies
(Figs. 15 and 16)indicate that therewas slag of approxi-
mately 0.025 second in the accelerometer records.
This lag combined. with the slight vibration in the re-
cording and indicating mechanism may have caused
the recorded accderatiom to be somewhat in error,
IIovrever, it is estimated that the accekrations re-
corded are not in error by more than &5 per cent.

The ti records of the control-position recorder
could be read b the closest 0.01 inch., A displacement
of the image on the film record of 0.01 inch corre-
sponded to an approximate movement of the load of
0,20 inch. Therefore the error in the recorded vertical
movement of the load and the tire depressions prob-
ably did notiexceed 0.20 inch.

The unit of the cuntrol-position recorder used to
record the flexure of the axle waa so connoctcd that a
movemen”tof the image on the flhn record of 0.01 inch
corresponded to a flexure of the axle of approximately
0.10 inch. The flexures are probably within 0.10 inch
of the true value.

Plight tests,—In the flight tests the accelerometer
was subjected to test conditions which were very
similar to those encountered in the drop tests, with
the exception that the range of accelerations experi-
enced was not sc great. 1$ can, therefore, be assumed
that the accelerations recorded during this portion of
the investigation are within the samo limits of accuracy
(+5 per cent) as those taken in the drop tests.

Subsequent tests on the same VE-7 airplano indi-
cated that the recorded air speeds at-landing obtained
in this investigation were in error by less than + 4 per
cent.

The average wind velocities, as measured by tho
anemometer, are considered to be within + 3 m. p. h.
of the true wind velocity at the instant of contact of
the airp~anewith the ground during the teds.

A vertical movement of the airplane of approxi-
mately 0.15 inch (when the follower shoe was in contact
with the ground) resulted in a displacement of the
image on. the control-position recorder record of 0.01
inch. Due to irregularities in the field the mechan-
ism at”timesmay have recorded erroneously the height
of the airplane. These irregularities were, in a major-
ity:of cases, eliminated from the film records by fairing.
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Considering the accuracy with which the flhns could
be read and that attained by faking the records, it is
believed that the depressions of the tires and the
bouncing of the airplane -were determined witjin an
accuracy of +0.5 inch.

Since the vertical movement of the airplane was
recorded during the 16.7 inches prior to the tires m8k-
ing contact with the ground and since the accuracy of
the recording mechanism was estimated to be within
+0.5 inch, it can be assumed that the computed
vertical ve~ocity at cuntact is within * 3 per cent of
the true -ralue.

RESULTS

Static tests,—The rwuhs of the static tests are
presented in curve form in Figure 6.
curves shows the interrelation between
the static loads on the tires, the depres-
sions of the tires, the inflation pressures,
and the incre=es in tire pressures. OnLy
two of the curves shown (O and 25
pounds per square inch inflation pres-
sure) m-ere drawn through the experi-
mental points obtained. The other
curv= n-ere obtained from interpolation
between the experimental pointi.

Drop tests.—Tab1ee I to IV, incheive,
and Figures 7 to 14, inclusive, show
the results of the drop testa in which
loadings of 1,840, 2,440,3,050, and 3,585
pounds, respectively, were used. The
free drop noted is the vertical distante
through which the center of load was
given an unrestrained drop in making
the test. The total drop is the vertical
displacement of the center of load from
the position occupied at the start of the
free drop to the lowest position reached

This set of

FIight tests.—Tab1es V, Tl, and VII are made up
from the data obtained in the tlight tests. The air
speed, wind speed, vertical velooi@, and ground speed
we the vcdues recorded or calculated for the instant
of contact of the airplane with the ground. The first
maximum acaderation noted is that developed in the
initial stroke or tire deprwtion, and the secand is that
deveIoped in the subsequent ground run. The free
rebound is the vertical distance that the vrheeLsleft
the ground during the first bounce of tie airplane.

Figures 17,18, and 19 are motion-picture records of a
normal, a z-point, and a pancake or “stalled” landing,
respectively. Each set of pictures is made from con-
secutive exposures taken during the tests with the
camera operated at a rate of 32 exposures per second.
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at the rna.simum depre&ion of the tires. The total
rebound is the vertical displacement of the center of
the load froni the ma~um depression of the tirm
to the crest of the rebound. The free rebound is the
vertical displacement of the load from the instant the
tires leave the load pIatform, on the &t bounce, to
the crest of that bounce. The de ffexure is the verti-
cal displacement of the Ioad due tQ the bending of the
de. The maximum acceleration expressed in terms
of g indicate the ratio between the mmirnum form
on the tires developed during the initial cantact of the
-wheelswith the landing phdforma and tie static load
on the tires. The maximum pressure in the tires is
that recorded at the instant of maximum depression
of the tires at the end of the initial stroke.

Figures 15 and 16, respectively, are histories of the
displacement of the center of load and the accelera-
tions for a 6-inch free drop of 3,585 pounds with an
inflation pressure of 15 pounds per square inch.

&%nO-S2~

Figure 17, the normaI Ianding, shows the airplane ._
from sJightly before it made contact with tho gro~d ___
unti shortly after it reached the crest of the fist
bounce. Figure 18, the 2-point landing, starts im-

--

mediately after the airplane had made initial contact. ~
F~e 19 shows the pancake landing with the airplane
being “stalled” onto the ground and the subsequent ~ —
bounce.

-—

DISCUSSIONOl?RESULTS

Static tests,—The series of tests with an inflation
pressure of zero pounds showed that the stiffness of
the tire walls had a pronounced influence on iti load-
carrying capacity. In this series each tire supported
a load of 870 pounds with a depression of approxi-
mately 6 inches (see fig. 6) and developed an hternal
pressure of 1.8 pounds per square inch. W~th the,
valve cores removed so that no pressure cmdd be
developed, the tires supported a Ioad of 600 pOUDdS ,._
each with approximately the smne depression.

—
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STATIC, DROP, AND FLIGHT TESTS

The changes in pressure in the tires were sIualI de-
spite the Iarge depressions realized. The increase in
pressure, with a depression of 5 inches, varied from L1
to 2.9 pounds per scpwe inch with inflation pressures
of zero and 25 pounds per squme inch, respectively.
(Fig. 6.)

Drop tests,—The maximum accelerations developed
in the drop tests me shown in Tables I to IV, inclu-
sive, and F&mea 7 to 10, inclusive. The figures show
the variation of maxinmm accelerations with the
height of free drop for various loads and inflation
pressures. A comparison of these figures shows that
the acce.krations decrease to some extent with in-
creased loadings. The effect of inflation pressures
on the maximum accelerations depends to some estent
on the Ioad. For a static load of 1,840 pounds (@.7)
the effect of changing the inflation pressure from 5.1
to 215 pounds per square inch was practically negli-
gible, but a further increase to 26.2 pounds per square
inch increased the maximum accelerations developed
appreciably. VT~tha load of 2,440 pounds (fig. 8) the
maximum accelerations show an appreciable and a
more or less systematic increase with an increase in
inflation pressure. For loads of 3,050 and 3,585
pounds (&s. 9 and 10) the effect of irdation pressure
was ns@gible for pressures ranging from 10 to 25
pounds per square inch, but with the 5 pounds per
square inch inflation pressure the m&nmm accelera-
tions tend to increase rapidly when the height of free
drop exceeds about 4 inches. It can therefore be

Time, secwmb

FIGUEX16.-DmP testhistoryof @t rfs heightof a Mneh free drop wtth &t&
_sW1cltimkmdKp_w_hchp~

stated that, in general, for each loading there is a wide
range in which the prwsure changes have a smalI or
negligible effect on the maximum accelerations.

The marked increase in maximum accelerations
caused by increasing the intlation pressure h 262
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pounds per square inch with the Iight load of 1,840
pounds and the decided increase in the slopes of the
accekration curves with the 5 pounds per square inch
inflation pressure and loads of 3,050 and 3,585 pounds
indicate that the useful ra~~e of the tires was some-

?Zme,secaA&
.

Fmrmx 18.—Dregteathlstnryof socekratknfrom 6 Much free drop with W5
POUUdSstath bad On tires ad 15pOUOdSK MLIMZGInch~

what Iimited by the ratio of the static load to the
force required to obtain a given depmsion of the tires.
I?5th the light load and the high pressure, the force
required to depress the tires was so large in comparison
with the static load that the depression (corresponding
to the stroke of the shock-absorbing units in a landing
gear) was md. This resuked in the development of
high maximum accekations. ~lth the heavier load-
ings and low inflation pressure the force required to
depress the tires to their maximum was compara-
tively smd with respect to the static loads. This
resuIted in the maximum depression being approached
with relatively small free drops. In drops where the
maximm” depression was closely approached, a por-
tion of the energy to be absorbed to bring the load to
rest was taken by the more or less rigid structure of
the Ianding gear. This caused a wry rapid rise in the
maximum accelerations.

The rate at which the maximum accekrations in-
creased with height of free drop indicated that for &se
drops approaching those required by the Department
of Commerce for landing gear twks (18 to 24 inches)
the maximum accelerations would be excessive. This
excessive impact load was partially the cause of two
failures, by bending of the sales, that occurred during
this invdgation. The other major cause of the fail-
ures was the increase in overhang of the des necessi-
tated by the use of the airwheels. This increase in
overhang was from 6% inches for the wheeIs norma~y
used to 8}z inches for the airwheeIs and remdted in an
increase in bending moment of approximately 28 per
cent for the same load.

However, this increase alone was not sficient to be
whoIly responsible for ,$hefailures. The tests in which
the failures occurred were with 15-iich free drops under
a static Ioad of 3,585 pounds. The same landing chsssis
had, in previous tests equipped with its normal shock-
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FIGUItE18.—Pancnkelanding
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absorbing system, successfully withstood a free drop of
26 inches under the same static loading. This was an
increase in height of free drop of 73 per cent. Thus, it
can be stated that the decrease in shock-reducing
characteristics experienced with the replacing of the
normal shock-absorbing systam by the airwheeIagreatly
contributed to the cause of the failures.

Flgure+sII to 14, inchsive, and Tables I to IV, in-
clusive, show the amount of rebound experienced by
the load during the drop tests. It will be noted that

‘ in all the tests wherein the height of free drop ex-
ceeded 3 inches there was eufbient rebound to cause
the tires to leave the landing platforms during the fist
bounce. The free rebound during the more severe
tests varied from 50 to 60 per cent of the height of
free drop. The excessive bouncing indicated that the
airwheeIaare not efficient in the dissipation of energy.

It is intereating to note in the &urea that under the
inflation pressures of approximately 5 pounds per
square inch there is a tendency for the height of free
rebound to approach a constant value for each of the
loadings. This tendency is more pronounced im the
heavier loadings and indicates that the limiting depres-
sion of the tire -ma being approached.

In preparing the fending guws, which were available
for use in this investigation, the mom parts were
blocked so that there was no relative motion between
them J}ith the exception of distortion of the structural
members. This made the geara representative rigid
ones. During the drop tests, however, it was noted
that there was considerable flexure of the axhs. This
ffexure, which was bending of the axles around the
points of support on the side struta of the landing
chassis, ww so huge that at times it accounted for as
much as 13 per cent of the total stroke of the Landing
gear. The flex-meof the axles had the effect of decreas-
ing the maximum accelerations developed and of
slightly inoreassngthe height of rebound. It is thought
that unless a specially designed landing chassis were
used with the airwheela, this axle flexure or distortion
of the structural members of tie gear would be en-
countered to a more or 1sssdegree. Therefore the re-
sults of these tests may be considered representative.

It will be noted in comparing the increase in pressure
in the tires realized in the static tests with that re-
corded during the drop tests, for specitlc depressiona
and inflation pressures, that the latter was the greater.
This was due to the fact that in the static tasts the
heat of compression had sticient time ta dissipate,
while in the drop tests such was not the case. This
was partially the cause of a greater force being re-
quired to depress the tires a given wnount in tie drop
tests.

Flight tests.—The mtium acceleratione developed
during initial contact in the normal and 2-point
landings varied from 1.1 to 2.7 g, the majority being
less than 2 g. Those developed@ the 2-point Iandinga

were generalIy huger than those experienced in the
normal Iandings. Probably this was due to the greater
speed at which tie irregularities of the kmding field
were encountered. In the ground runs, succeeding
the initial contact, the accelerations were sIightly
greater fhan at contact and were comparable to those
developed in the drop tests for a l-inch free drop.
Thevertical velocity of the airplane at the instant
of contact, during some of these landings, varied from
1.3 to 4.0 feet per second with 8“corresponding varia-
tion of maximum accelerations from 1.1 to 2.1 g.

In the pancake or “shdfed” hmdings, the maximum
accekrationr+ at contact vmied from 2.4 to 4.3 g,
which me comparable to those obtained in the drop
tests with a 6-inoh free drop. During a portion of “
these landings the vertical velocity at contact vmied
from 4.o b 10.5 feet per second. It will be noted that
in the majority of pancake Iandings the vertical
vekity at contact did not exceed 6 feet per second.
In the two Iendings in which the vertical velocities
were 10.5 and 9.4 feet per second, faihwe of some
portion of the airplane structure occurred. During
the Ianding in which the vertical velocity of 10.5 feet
per second was athined, one of the forward trans-
verse cabane diagonal wires was broken. In the land-
ing in which the vertical velocity of 9.4 feet per second
was attained, a maximum acceleration of 4.3 g ww
experienced and the fittings securing the vertical load
wires to the spreader bar of the landing gear chassis
were sheared. The co&lition of the landing gear
after this faihme is shown in Figure 20. It is thought
that this failure vies due primarily to the increased
load on the fittings caused by the greater overhang of
the a.xks made necessmy by the use of the airwheels.
This overhang amounted to 9.0 inches, whiIe with
the gear as norndy used the overhang was only 4.5
inches. Thus, for equal 10MIson the wheels the loads
on the fittings were twice those that would norrgally.be
experienced.

There was an appreciable rebound or bouncing of~the
airplane following the initial contact with the ground
in all types of landings. This is shown in Tables V to
WI, inclnsive, and Figures 17 to 19, inclusive. The
6gures are motion-picture records taken at a rate of
32 exposures per second, showing representative types
Dflandings. These landings were made with an ir&-
tion pressure of 5 pounds per square inch. A normal
kding is shown in Fiie 17. The air speed and the
ground apeed of the airplane at the instant of cuntact
Am@ this landing vrere 49 and 42 m. p. h., respec- ,
tively. The maximum acceleration experienced during
the initial contact was 1.4 g and was accompanied by a
tire depkaion of approximately 4.8 inches. It will .
be noted that the airplane approached the ground with
very low vertical veloci~ and remained on the ground “”
Fora considerable period of time prior to making the
Erstbounce. Figure 18 shows the airplane immediately
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after it had made contact with the ground in a 2-point
landing at air and ground speeds of 65 and 42 m. p. h.,
respectively. The maximum acceleration during the
initial contact of this landing was 1,8 g with a tire
depression of approximately 5.7 inches and a rebound
of 14 inches. A faidy severe pancake landing is shown
in Figure 19. It will be noted that during the initial
contact the tires appear to have been depressed to
nearly their maximum. The air speed and ground

COMMltiE FOR AERONAUTICS

The maximum accelerations recorded during the
drop tests indicated the maximum forces experienced
on the wheels, while those recorded during the flight
tests did not. This was due to the wheels being tho
sole means of supplying the restraining force to the load
during the drop tests, and in the ilight tests this re-
straining force was divided betwecm the lift of the
airplane and the force on the wheels. In some CMWS
the hft of the airplane may have been nearly equal to

speed at contact in this landing were 48 and 38 m. p. h.,
respectively. The maximum acceleration developed
was 4.1 g and the rebound exceeded the recording
range of the folIower arm (16.7 inches). The bounces
experienced in the pancake landings were higher than
those experienced in other types of landings. Those
experienced in the 2-point landings were, in generrd,
nearly equaI h those experienced in the pancake
landings and were much more violent and pronounced
than those developed by the normal Iandings.

the weight of the airplane. Thus, the maximum
reetraini-~ force exerted by the wheels, in the fight
teats, may have been as low as that indicated by the
maximum accelerations less the weight of the airplane.

Prior to making any tests on the atiwheela it was
found that their weight complete (less any braking
mechanism) was approximately the same as the com-
bined weight of the parts of the NY-2 chassis (i. e.,
wheels, tires, tubes, and oleo mechanism) that they
were used to replace. However, with the adaption of
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the &wheels to the NY-2 chassis, the ultimate
stiength of the chassis was lowered as a resdfi of the
increased overhang of the axIes. If the ultinmte
strength of the chassis, after installation of the air
~-heels, had been brought up @ the same ultimate
strength as prior to the instakt.ion, heavier a.x.k!swodd
have been required, with the result that the weight of
the complete chassis would have been slightly great=.
The increase in might due to the heavier axles might
be overcome by the use of a chassis *peciaIly designed
for the airwheelsinstead of a modilled one. Howevw,
it is believed that no appreciable amount of weight
could be saved by the adoption of airwheeIs.

Attention is caIIed to the fact that the relative
advantages of the use of the airwheeIs on fiekls which
are soft or otherwise adverse were not investigated
during these tests. It is felt that due to the very
large contact mea of the ah-wheelsand the low id3a-
tion pressures, their use on soft ground, on sand, or on
a field cuvered with small stones viouId be advantag-
eous. It is aIso believed that the tendency of the air-
wheels to cause exceashe rebound and to deveLop
high accelerations during severe impacts m~y be par-
tialIy counteracted by the use of a shock-absorbirg
mechanism. Such a resulting system may incorporate
the advantages of the airwheels with the advantages
of other mechanisms in keeping down the impact

loads and in dissipating a kirge portion of the energy
taken by it.

CONCLUSIONS .

1. The shock-reducing qualities of the airwheelswere
Tq poor under se-rere landing conditions.

2. The lack of ability of the airwheels to dissipate
energy me very pronounced, as was etidenced by
excessive rebounds.

3. Variaticms of the infktion pressure, within fairly
wide Iimits which depend to some extent on the load,
had but slight eftect on the maximum accelerations
and rebound.

4. The strength or “stiffness” of the vds of the
tires accounted for an appreciable portion of the load-
carrying capacity of the tires.

5. A shock-reducing mechanism capabIe of effec-
tively reducing the impact forces in severe Iandings
shouId be used in conjunction with the airwheela.

6. It appears that no appreciable amount of weight
vrouId be saved by the use of &-wheels.

.-
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TABLE I

RESULTS OF DROP TESTS ON 30 BY 13-43AIRWHEELS

Loading (on both wheeb) 1,840 pounds

TIRE INFLATION PRESSURE 6.1POUNDS PER SQUARE INCH

LO 7.8 .___:.. :; 6.0 0.34
8.0 0.2 &8 .46

lki
2:

6.8
17.2

.eo
N 1:;

I&o
.6s

2L0 ho M 6 :: ‘ .76

TIRE INFLATION PRESSURE 10.1POUNDS PER SQUARE lNOH

TIRE INFLATION PRESSURE 16.t2POUNDS PER SQUARE. INCH

TIRE INFLATION PRESS.URE 21.5 POUNDS PER SQUARE INCH

a.o 2: it: 4.0 ------!!! 1 a6::14,8
0.60 2:

10.1 .+.. .M
4.6

6.8
120

6.4 M.8
Ma .70

16.0 2: ;: 1&8
t12 Zia

&8 .76 7.0 26.6
I I I I I I 1.

TLRE INFLATION PRESSURE 7A2POUNDS PER SQUARE INCH
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TABLE II
-—

—

RESULTS OF DROP TESTS ON 30 BY 13-0 AIRWHEELS

Loading (on both whesk) 8,440pound6

TIRE INFLATION PRESSURE 5 POUNDS PER f3QUARE INCII

&

Fre8:!Ttiti “1
Frea , Total ~h &- bdd &

!%.3 d mbormd r rebound prws[on
b.) ~ an.) (h.) &

La &o . . . . . . ..- f 51
a.o

&6 ILSJ
m.6

6.0” 14.6 k: .I;g ?;
ao-

.76
19.0 2.7 IL7 &1 .’J4

,.

7.8
::
4.2 It:
6.0 11.2

TIRR INFLATION PRESSURE 14.3 POUNDS PER BQUARE INCII

Tmij ihLATION PRE9sufiE 16.0 POUNDa PER SQUARE mcn

TIR~ INFLATION” PRESSURE 20.9 POUNDS PER SQUARR INCII

T=”R”INFLATION PRESSURE 2S POUNDS PER SQUARE INCH

MII47 --.ci-- 3.7 aa 0.66 &a 27.6
6.7 4.0

Ii:
.@ 4.4 2%4

3.7 8.0
:$

h4
16.7 46 68 :R
19.6

:; w
6.Q / H 6,4 1.06 7.6 8L b

1.1 I I I I
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TABLE III

RESULTS OF DROP TESTS ON 30 BY 13-O AIRWHEELS

Loading (on both tcheela) 9,060 pounds

TIRE INPLATION PRESSURE 45 POUNDS PER SQUARE INCH

1 ,

, I

TLRE LVFL4TION PRESSURE 10.0 POUNDS PEE SQUARE INCH ~

~‘ ‘‘o’ ‘ ‘“‘TIRE lNTLATION PRESSURE 1S.8 POUNDS PER SQUARE IXCH

mi7mFrl‘~f
~E INFLATION PRESSURE 20.2 POUNDS PER SQU”iRE ~-CH

~a~‘m ~ ‘b
TTRE INFIATION PRESSURE 25.7 POUNDS PER SQUARE ~CH

TABLE IV

.ESULTS OF DROP TESTS ON 30 BY 13-6 AIRWIXEELS ——

Loading (on both wheek) S,686 pound3

TIRE 12WL4TION PBESSURE 48 POUNDS PER SQUARE DJaH

I I I I I ) I

T~E INFLATION PRESSURE 10,0 POUNDS PER SQUARE IKCH

TIRE INFLATION PRESSURE 15.0 POUNDS PER SQUARE INCH

., , I 1 r I 1

TIRE UXI?LATION PRESSURE !20.2.POUNDS PER SQUARE IICCH

1 , # , r

H
I n

&6 &o 0.s5 Z6 .217
:: 08 h4 -&a 2.0 243

4.0 IL Z k: 6.2 2.6 2aa
1s.s k: lLO ~ i%

?!: 16.7
L9 2d.6

4s 18.6 ; k: Lll 41 27.5
I I 1 I I I I

TIEE INFLATION PIIESSURE 25.6 POUNDS PER SQUARE INCH

0.2 _ 5.0 am 2.6 2&8
k! :; k: .s6 %9 !2aS
40 Ii? :; L8 K4 ZQ.9

El.o 3.1 la1 6.0 i~
::

3.9 %7
16.I 47 rze 7.0 L L4 44 SLQ

-

—— .—

- .-.—+
.. +.-.

~
- .

.—
.—

. ..-

.. —.-
..-

—n.

..”. _

..

.. .-
.... .

.-

-.
-.



372 REPORT NATIONAL ADVISORY COMMITTEl!l FOR AERONAUTICS

TABLE V

RESULTS OF FLIGHT TESTS ON 80 BY 13-6 AIRWHEELS

Mounted on VE-7 airplane, weight @,16S pound~

~E INFLATION pREssnE 6 pomwos PER sQuARE INOH

Do . . . . ..-... - 5014]
2pohlt . . . .._. . . . . . K-

M 1===1 i
Do...–_—. 8
Do-- . . . . ..-.-. 6m.-.-!--

Norm#----- u I I 42 ----------
62 i 48 -–---—. ;: :! I

L5
. . . . . . . . . ..- ;;

3.8 6.1
m

. ::
44 -.–-.–– ~;

64 : 46 . . ------- . i; $1
66 18 .-. ---. —. & 7 la, .-:.

%
‘Y%’::::::::q 2

9 40
@

k:
89 t

-- —----
6.1, al k: ---—.. - --27

Do-------- 40
$ ;

.24 6.S

111

It:

II

Ii 8 28
Do--.. ___

49
85 8.2 6.8 —~~-- z b

.-. ---. .—. . ----- .--.-.--.-
Takeoff. . . . . . . . . . . . 60 48 . . . . . . . . . . __.?!..

6.8 - —-

68 .__..!_ -------- -.-.--– Lb
i4 _

;;
Teal. . . . . . . . . . . . . -------------—— -—----- --------- ~. ;; _z

.— .--—. ------------- ---------- i 4 . ------

Runfollowfngmntm%
●

Rebound @sster than 16.7fnohas.
Re*:d21’est.erthau10.7frlohee. M’%k%%pm.kc:

%“Repres3nta ve psncakonot too severe;12fcat drop,
very severepelmeke.

verySmooth takaal.

Maxlmnm Vfdtw only.
Slf@tlY ores wfnd.

-.

TABLE VI ._

RESULTS OF’ FLIGHT TESTS ON 30 “BY 13-6 AIRWHE-ELS

Mounted on V%7 aiiplane, Ioeight$,163 pounds

TIRE INFLATION PRESSURE 10 POUNDS PER SQUARE INCH
.

I )
I Run followlngcartaet I

l..

Type of landing Maxf-
Wfnd Qromrd VWUWJAfr spaed ~m Velocfty (=)(m. m hJ (~p. h.) (l%!h.) (ft.i’eeu) %g

l—

I ‘“
-.

Normal--------61 a 6
Do.. -------- 49. $ :

49
:?

. . . ..... .. ..
Zing-.. . . ... . .. 67

44 .-.-?:- ~.
44 -------–-

...........- 62 ::
Do.- . . ..--- . . . ..---.r

40 .-.-.lX. 16
0

PanDo3:_ . . . . . . . .
---------

6
2.0

41 ----------
. . . . . . . . . . . -------- 7 ::

Do. . .._._ . . . 46
-------

7 a9 . .._.:..
Take-off . . . . . . . . . . ‘1 .68 . . . . . . ..-

%’
;;

Tari- . . . ..--.. ---------- .-–.. I __.5.. . .._._
---------

:!

?axf-
Hre da- Freere-
msfon bonnd *%&)
b.) - (W

ffon fJ)- ,,

Remarka

6.6

II
1.8 Very emooth2-@nt.

:!! k7 ~ ~ Exrdont S- lnt.
7.1 %ExeeptformaysrKM@olnt fandlw

k; 2.3 Swmndhonncaexowded16.7fnehea
y: -!!-!..

$! %%!jw%&!~g’807 Intia,a9 ::
6.1 2.0 clo% exampleof Irene!&e.

22 Droppedfn fromnpprmfnmtaly.5feet.
t; ?$ ‘-----— moothtake+ff,. .. . .... .
t: :; --.–-..-- APSIrOxhnStelY16mfh perhourgroundSPW&

TABLE VH —

RESULTS OF FLIGHT TESTS ON 30 BY 13-6 AIRWHEELS

Mounted on VE-7 aii-plaw, weight g,16tl pounds

TIRE INFLATION PRESSURE Id POUNDS PER SQUARE RTCH

,—
.- -_=.-. -

I Inftfal oontsctwfth ground I

Nora# __..._. 64 .._ ‘ ‘ ‘ ‘ ‘ ‘
_ ............ 51

----- . .......- -..---.--- Ll 26
1:

1

6.0
41 . . . . . . . ..- L8
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. . . . . . . . . . L2 .,.--K . ...?!--

.. . ..- ---------- _______ L1 --.. -zi----------- ::
0 $! a.~ l’! -- -+ g ?!
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